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Forensic Markers

e Length Variation
¢ short tandem repeats (STRs)

CTAGTCGT(GATA)(GATA)(GATA)GCGATCGT

* Core STR Loci in national database

* PCR product sizes range from 100-500bp
* Commercial multiplex PCR kits (Promega, Life Tech, Qiagen)

« Excellent for 1-to-1 matching

Forensic Markers

e Sequence Variation
¢ Single nucleotide polymorphisms (SNPs)

GCTAGTCGATGCTC(G/A)GCGTATGCTGTAGC

¢ Length Variation
¢ Insertions-deletions (InDels)

GCTAGTCGATGCTC-GCGTATGCTGTAGC
GCTAGTCGATGCTC(N,)GCGTATGCTGTAGC

Typically biallelic

InDels

Why are we interested in using InDels?

*What are the benefits?

*What are the challenges?

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 2
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InDels
Forensic Issues/Questions

eHow many InDels = 13 to 15 STR loci?

o Multiplexing (25-50plex < 1 ng DNA)

e Databases (core loci legacy concerns)

¢ Platforms for InDel typing? Kits?
eUnique interpretation issues — mixtures
¢ Validation

e Sensitivity

e Cost

InDels
Advantages/Benefits

* Small PCR amplicon sizes perform better with
degraded samples

* Lower mutation rate compared with STRs
— (108 vs. 103)

* Abundant in the human genome (2 x 10°)

e Can provide alternative information to STRs
— (identity, ancestry, lineage)

* Fragment analysis typing provides a familiar
workflow to STRs

InDels

Limitations/Challenges

* Only one commercial kit (Qiagen DIPplex)

* InDels are not currently represented in
national DNA databases
— No widely established core loci

* Mixture resolution issues/interpretation
* Larger multiplex PCR assays

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 3
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Forensic InDel Literature o220

+ A2 marker insertion deletion panel to study bi s 1D, Rothschild MA, Schneider PM,
Forensic Sci Int Genet. 2013 Feb;7(2):305-12.

« Population genetic data of 30 autosomal indels in Central Spain and the Basque Country populations. Martin P, Garcia O, Heinrichs 8,
Yurrebaso |, Aguirre A, Alonso A. Forensic Sci Int Genet. 2013 Feb;7(2):e27-30.

+ Automated Genotyping of a Highly Informative Panel of 40 Short i Resolved in Gels for
Forensic Identification and Kinship Analysis. Pena HB, Pena SD. Transfus Med Hemother. 2012 Jun;39(3):211-216.

* Forensic performance of two insertion-deletion marker assays. Fondevila M, Phillips C, Santos C, Pereira R, Gusméo L, Carracedo A,
Butler JM, Lareu MV, Vallone PM. Int J Legal Med. 2012 Sep;126(5):725-37.

« Indel markers: genetic diversity of 38 polymorphisms in Brazilian populations and application in a paterity investigation with post
mortem material. Manta F, Caiafa A, Pereira R, Silva D, Amorim A, Carvalho EF, Gusmdo L. Forensic Sci Int Genet. 2012 Sep;6(5):658-61.

+ Straightforward inference of ancestry and admixture proportions through ancestry-informative insertion deletion multiplexing. Pereira
R, Phillips C, Pinto N, Santos C, dos Santos SE, Amorim A, Carracedo A, Gusmao L. PLoS One. 2012;7(1):e29684.

+ Avalidation study of the Qiagen Investigator DIPplex® kit; an INDEL-based assay for human identification. LaRue BL, Ge J, King JL,
Budowle B. Int J Legal Med. 2012 Jul;126(4):533-40.

« Capillary electrophoresis of 38 noncoding biallelic min-Indels for degraded samples and as complementary tool in paternity testing.
Pereira R, Gusmao L. Methods Mol Biol. 2012;830:141-57.

« Application of the new insertion-deletion polymorphis kit for forensic menmam andparentage tesing onthe Cech populton

idkova A, Horinek A, Kebrdlova V, Korabecna M. Int J Legal Med. 2013 Jan;127(1):7-

= Typingshort amplicon binary polymorphisms: supplementary SNP and Indel genetic information in the analysis of highly degraded
skeletal remains. Romanini C, Catelli ML, Borosky A, Pereira R, Romero M, Salado Puerto M, Phillps C, Fondevila M, Freire A, Santos C,
Carracedo A, Lareu MV, Gusmao L, Vullo CM. Forensic Sci Int Genet. 2012 Jul6(4):469-76.

« Discrimination power of Investigator DIPplex loci in Finnish and Somali populations. Neuvonen AM, Palo U, Hedman M, Sajantila A.
Forensic Sci Int Genet. 2012 Jul;6(4):99-102.

« Typingof in Danes using the indel kit- Mgnlvpg‘ DIPplex. Friis SL, Borsting C, Rockenbauer €,
Poulsen L, Fredslund SF, Tomas C, Morling N. Forensic Sci It Genet. 2012 Mar;6(2)-e7:

*+ Amethod for the analysis of 32 X chromosome insertion deletion polymorphisms in a slnsle PCR. Pereira R, Pereira V, Gomes |, Tomas
C, Morling N, Amorim A, Prata M), Carracedo A, Gusmao L. Int J Legal Med. 2012 Jan;126(1):97-105.

* Selection of 29 highly informative InDel markers for human identification and paternity analysis in Chinese Han population by the
SNPlex genotyping system. Li C, Zhang 5, Li L, Chen J, Liu Y, Zhao S. Mol Biol Rep. 2012 Mar;39(3):3143-52.

. on da Costa Francez PA, Rodrigues EM, de Velasco AM, dos Santos SE.
Int J Legal Med. 2012 Jul;126(4):491-6.

SNP Typing Platforms

*RT-PCR (TagMan, Light Cycler, Molecular Beacon)
e Allele Specific Primer Extension (SNaPshot) |
*Mass Spectrometry (Electrospray, IBIS)

eSequencing

eFlow Cytometry (Luminex) Sensitivity, multiplexing,
accurate typing

ePyrosequencing
eLigation (SNPplex/GenPlex, lllumina)

e|nvader assay
*ARMS assay (Forensic Science Service - UK)
*RFLP

Budowle 2004 FSI 139-142; Sobrino et al., 2005 FSI (epub); Dixon et al., 2005 FSI (epub)

STR and SNP Typing Workflows

ultiplex PCR
¢ Extracted DNA
ExoSAP cleanup

of PCR products

Multiplex PCR

Perform Allele Specific
Primer Extension
Reaction(SNaPshot)

Separate and detect PCR
fragments by capillary
electrophoresis

SAP cleanup of ASPE
reaction

Allele calls versus ladder
GeneMapper

Separate and detect
ASPE fragments by
capillary electrophoresis

No primer kits for ASPE
You must design PCR and ASPE primers Allele calls GeneMapper

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 4
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Allele-Specific Primer Extension

SNaPshot assay
ABI PRISM” SNaPshot™
SNP Primer is extended by one base unit ‘ Multiplex System
— . . Fluorescently labeled
N ‘tail” used to vary electrophoretic mobility ddNTPs  +
S \Oligonucleotide primer 18-28 bases polymerase
e 5
[o]
PCR Amplified DNA Template
ddNTP Dye label Color 25 Cycles
A dR6G Green 96°C 10s
C dTAMRA Black 50°C 5s
G dR110 Blue 60°C 30s
T dROX Red
6plex SNP Assay
(2) P (4) 0 0
RE 3) CcC
T (5) (6)
/\ cT CcT
T Al | ABI 3100 results [ |
13 6 6 15 17

Extension primers for autosomal SNP6plex

(1) TTTTTAGCTCCTAATTTCTTGATGGG

(2) TTTTTTTTTTTCATCTGATGCCATGAGAAAGC

(3) TTTTTTTTTTTTTTTIGTTCTGCTTTAATACAAAACCAG

(4) TTTTTTTTTTTTITITTTTTTTTATAAAGGGCAGAATGAGGATTA

(5) TTTTTTTTTTTTITITTTTTTTTTTAGAAAGTATCTTGCAAAAGGTCCA

(6) TTTTTTTTTTTTITITTITTTTTITTTTTTTCATAATCACAGCTTTTTTCTCCCAA

hez, J. 1., Phillips, C, Borsting, C., Balogh, K., B Fondevila, M., H: co,
fas, A .M., d

SNPforlD 52 plex Wt . (5000 & prE A o
n x “ k] 0 n L] e} Fe] i) =] Fi. ] m 80 0
A} ™
076 096G 216 236G 206 166 05G 46G 38G 496G 42G 229G 40G 50G 356 28G
276 516G MG 5IG 546
2000
22A 17A DA WA 05A A 49A_ 42A 25A 404 IBALA
A Z3A 124 04A 36A 52A 30A
.
10C 08C 32 4C  45C
m%lt “CZHCJSCMC %TC 0e
-2000
187 1T 26T ol
MTIBT nrT 207 IQT“T J "T33:TBT“lTBTﬂT T 5T
2000
1800
15 20 25 35 50 62 B0 1220 225 235 250 262 280

Figure 1. Analysis of the

AR 52 SNP-plex assay. (A) Re-

Mean match probability 59 to 115 bp sults of the first injection

European 5.06 x 102 S00/pels (23 SNPs). (B) Results of the
2 ASPE reaction second injection (29 SNPs)

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 5
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STR and InDel Typing Workflows

Extracted DNA

Multiplex PCR Multiplex PCR

Separate and detect
InDel-PCR fragments by
capillary electrophoresis

Separate and detect
PCR fragments by
capillary electrophoresis

Allele calls versus ladder Allele calls GeneMapper
GeneMapper

Typing InDels

* As length polymorphisms, InDels can
In/Del be typed with a simple direct PCR-to-
CE genotyping strategy, using a single
multiplexed PCR with dyed-labeled
primers immediately followed by
Del capillary electrophoresis

* Benefits of short amplicon markers
(like SNPs) with a simpler workflow

B
Deletion - ggtaactctc___taatcaa

Insertion - ggtaactctc agea taatcaa

InDel Work at NIST

* Type NIST U.S. population samples (n > 700)
— Commercial DIPplex kit
— HID-38plex assay (from Portugal)

* Generate allele frequencies for U.S. population groups,
evaluate random match probabilities

* Evaluate performance with degraded samples

* Characterization of ‘off ladder’ alleles
— DIPplex kit

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 6
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InDel assays used in this study
3130xl data
Qiagen Investigator DIPplex kit TEN T
« 31plex PCR T
+ 30 InDel markers plus Amelogenin wl ‘! Lad des !'!
(on 18 chromosomes) e ) N
P i Adds s i
* PCR amplicons ranging from 75 to 150 bp " Now available in U.S.
HID-38plex il o
R. Pereira Electrophoresis (2009) T
[T O T N T
« 38plex PCR L u =
« 38 InDel markers (on 22 chromosomes) _J'_l' ]_ l Ll
* PCR amplicons ranging from 50 to 155 bp I ETY B VY T
68 InDel markers in total

3/21/2013

. : ) - = —— T -
| nor 0 oo | I i o I
LA R L AR AL A A
— o B & e EE ~
a
DIPplex profile for 9947a
75 bp Longer Insertion/Deletion fragments leads to interleaving signal 149 bp
AmelX 071 | D99 - Deletion ores D99 - Insertion ose Dse oser
sEEE ctctttga acttTGATctctttga ks

|

o118- 092- D92+ 09 + PCR product

B @ WA ®

1N 2
1 L l J 1 + 30 cycle PCR
Ll A . A& . 4.1+ 0.6 ng of DNA input on PCR
095 099y oss

reaction

diluted 1:25 prior

to electrophoresis

D126 D24+ DI 012240125 DIISe

4 081

D97 - Deletion D97 - Insertion

ggat, 8gatAGAGAAAGCTGAAGtctc
A__A LA -
D136 D136 a7 D1ss+ 0so [ersforas D128+ 039 o84

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf
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HID-38plex profile for 9947a

49 bp Short Insertion/Deletion fragments, No signal interleaving 157 bp

‘1w {G4- Deletion

G4 - Insertion

" f[actt__ctetttga acttAGGActctttga .
l x 1 r l 1 J * 29 cycle PCR reaction
; Gle G2G2e G stoee | o of® 0.6ngof DNAinput on PCR
WA aw® * PCR product diluted 1:10 prior
to electrophoresis

SRV O N Tve T

& @ @ a|R5-Deletion
gga____gtgtca

RI-R1e A2 R3e Re-REe e RIO- R0

Allele Frequency Analysis

* We performed population allele frequency analysis with both InDel multiplexes
typing the NIST collection of 712 U.S. population samples.

« Samples from the four representative human groups of the U.S. population have
been used. All of them independent and of self-declared ancestry.

+ 262 African Americans
+ 260 U.S. Caucasians

* 140 U.S. Hispanics

» 50 U.S. Asians

Allele frequencies for each U.S.
population group were generated

Working under the assumption of full independence of the markers, the following
RMP values were calculated.

U.S. Cauc |U.S. Asian| U.S. Hisp | Af-Am

Mean DIPplex RMP 1.86E-13 | 4.67E-11 | 4.88E-13 | 5.88E-12
Mean HID-38plex RMP | 3.67E-15 | 5.11E-14 | 1.47E-15 | 4.74E-15
Mean Combined RMP* | 6.79E-28 | 2.43E-24 | 7.20E-28 | 2.54E-26

Forensic performance of two insertion-deletion marker assays. Fondevila M, Phillips C, Santos C, PereiraR,
Gusméo L, Carracedo A, Butler JM, Lareu MV, Vallone PM. Int J Legal Med. 2012 Sep;126(5):725-37.

RMP Comparisons

At least 50 biallelic polymorphisms are needed to reach the same power as 15 STRs
Divergence in the power among population was detected for both InDel assays
* In spite of population divergence, 68 InDels supply with RMP as high as 20 STRs

RMP value vs marker set

1.00E430
1.00E+27
1.00E+24
1LO0E+21
LO0E+18
LO0E+15
LO0E+12
L.00E+03
LO0E+06
1L.00E403
1.00E400

= Cau
= Asian

Hisp

= af-Am

F T FEF IS
“é’n?’m@ﬁ?ose?f’é;“
&

U.S. Cauc [U.S. Asian| U.S. Hisp | Af-Am
Mean DIPplex RMP 1.86E-13 | 4.67E-11 | 4.88E-13 | 5.88E-12
Mean HID-38plex RMP | 3.67E-15 | 5.11E-14 | 1.47€-15 | 4.74E-15
Mean Combined RMP* | 6.79E-28 | 2.43E-24 | 7.20E-28 | 2.54E-26

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 8
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Genomic position of the markers: Linkage Disequilibrium possibility
+ The 68 InDels are not evenly distributed on the genome
* Markers with close positions may not be independent, and could not be used together
* There is also risk of linkage with currently applied STR loci
+ The accumulation of markers in small chromosomes greatly increases this risk
Fondevila, M., Santos, C., Phillips, C., Carracedo, A., Butler, .M., Lareu, M.V, Vallone, P.M. (2011) An assessment of linkage between
forensic markers: core STRs, mini-STRs and InDels. ings of the 22nd. i um on Human Identificati
ot msters Joplex OlFplex  3Splex  DIRpex chr22
a [ T 10 sepen [ e < STRs s
2 [ 2 1 || | -
N N N N — — — Neither HID-38plex nor
. : o o DIPplex individually
b N B display great risk of
o 1 5 1| — pu- marker linkage.
. ' 3 gl n
P ' i | - il When the loci from both
b : N | | 1t InDel assays are
" 2z 1 - o - combined there may be
:_‘ .L significant risk of linkage.
b ! - The inclusion of STR loci
o f - to the analysis is of
" : @ importance when
P . combining STR and InDel
= 2 L L o information.
real  a u ®  m Over S0Mb 10Mb- 1Mb
SOMb - 10Mb  m Below 1Mb
Genomic position of the markers: Linkage Disequilibrium possibility
Markers separated by less than 10 Mb
6 loci from each InDel assay that are less than 10 Mb from a core STR locus.
CHR| STR InDel Physical Distance CHR| STR InDel Physical Distance
S | CSF1PO | rS1305056 6,158,834 7 | D75820 | rs2307978 311,150
6 | Ses3 | rs2307652 8,521,842 S 11| THO1 | rs10688868 1,890,820
x 8 |D8S1179 | r53081400 5,959,018 B 12| 0125391 | rs1610919 2,352,263
% 15 | PentaE | rS2307433 7,509,680 : 12 VWA 151610919 8,838,263
Q. 22 |D2251045 r$6481 1,747,100 @ 16 | D165539 | rs2067208 1,804,212
a 22 |D2251045| rS16363 39,169 X 21| D21511 | rs35605984 4,919,264

When contemplating the possibility of combining the information
contained in these InDel markers systems with each other or with
core STR loci, we should keep in mind that the proximity between
some of these markers could lead to a linkage disequilibrium state

Artificially Degraded DNA Assay

« Objective: to compare the short-amplicon InDel typing reactions to established
and short amplicon STRs kit performance

* Mimic DNA degradation in a controlled manner

« DNA fragmentation processes were simulated
« Temperature/time degradation process through natural oxidative damage
was not predictable
+ Sonication even in long time treatments (more than 5 hours of straight
sonication) didn’t break the DNA to a point on which any of the STRs
significantly affected

COVARIS focused acoustic DNA shearing
evaluated as an option

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 9
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Artificially Degraded DNA Assay
COVARIS system

* Originally intended to be used to prepared genomic DNA libraries for next generation
sequencing

* A process called Adaptive Focused Acoustics (AFA) that works by creating shock waves
from a conical shaped transducer focused to converge on a small localized area

* Induces compression and expansion in a high rate cycle. This would cause collapsing forces
within the liquid medium that would disrupt the DNA.

Enables precise control of the compress-
expansion process in isothermal conditions.
Sample Vessel

Application of wavelengths much shorter than
JEZEDD sonication, allows to concentrate the

| mechanical energy on a small volume sample.
C om

| = 100mm  10mm  imm  100um 10um
WIELENGIH (¥ WATER)

Images from COVARIS webpage
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Artificially Degraded DNA Assay

Treatment is defined by the following parameters:

Cycles per Burst - the number of acoustic oscillations contained in each burst.
Duty Factor - the percentage of active burst time in the acoustic treatment.

* Time

Sample volume and container
Viscosity of the medium

Several protocols were tested before
reaching the desired DNA fragmentation
(100-250 bp fragments)

- Temperature: 5 °C

A pepifegiiayee e 2 = Mode: Frequency sweeping
Duty Cycle: 10%

Intensity: 10%

. Cycle/Burst: 1000
- o bp | Time: 20 minutes
- » DNA: 50 ng
100 bp Dilution volume: 100 pL

- Tube: glass, 100 pL tube

[ 100 cycles per burst / 1 mL container

Only sample correspondin,
[ 2000 cycles per burst / 1 mL container Y P P €

X to this conditions (20’) was
[ 2000 cycles per burst / 100 L container used for the final analysis

All profiles shown scaled to 2000 RFUs

Identifiler — 6 STR markers out of 16

D8
TEE @ m e i bt
D3
[A]
8 8 8 @ @ ] M- S o Dt
D19 VWA
1
E ]
@ @@ @6 it i o
Amel D5
A
Bk ]

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf
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All profiles shown scaled to 2000 RFUs
Minifiler —9 STR markers out of 9
D13 D7
l L I
[} 2]
CEL i__‘ 4 @ Signal decrease observed for the ™™™
= ) RTr—— longer STR markers
Amel e
| a1 |230 bps
] ] &l [E]
RN A aAe ] Wk S fox Dot
l l D16 D18
, ] 4
(=] R3]
e e A ae ] sk S b Bt
' l CSF1PO FGA
: 4
‘ 3
All profiles shown scaled to 2000 RFUs
DIPplex — 30 InDel markers out of 30
I E— . - “ -

Signal decrease observed for the
longer InDel markers

All profiles shown scaled to 2000 RFUs

HID-38plex — 33 InDel markers out of 38

e @ a a e

| L .
4] B & ]
Signal decrease observed for the ks o i
— % . 2 longer InDels resulted in drop out of 5 —* 1
| 1 1 11 ll 1 of the larger InDel markers 160 bps
B Rl [ & 5] =

e A A e i v s o

T

W A ae [RESTETA

T W .

=
B

|
Ep
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Artificially Degraded DNA Assay

With the number of observed alleles on each kit, we obtained the following RMP values

Exp. Obs.  Loci  Amp.

Assay Alleles  Alleles  total Loci RMP
Identifiler 10 5 15 5 n/a
Minifiler 16 16 9 9 2.89¢e™
DIPplex 49 49 30 30 477
HID-38plex 43 43 38 33 1.03e™

* Application of short amplicon markers such as DIPplex and Minifiler to challenging DNA
samples would be of great interest for casework

* In case of limited amount of sample, InDel marker amplification should be considered
versus other short amplicon assays, such as minifiler -- unless core STRs are needed

* For future sample preparation, increased shearing times could be tried in order to
achieve a further level of fragmentation

Further Characterization
of DIPplex Loci

D97-rs17238892
heterozygote peak imbalance

Balanced Un-balanced
- e o m"" ;] Balanced + allele A/GS’NP
TV IR TTITY I T
A AU A UVVIA At
i JWMLML‘LM
CGGATAACAATAGTA G CAMBGCACGAGG A

Unbalanced + allele

SGGCAACAAGAGTGAMCTCCGTCTCAMAAGAGIAGAGAAA f A A A (1, 1 Af
scnorircrermcrrrearrrearcrecceataa. 1|1/
TGGAAGIA/GICAGGAGGAATTGTGGAAAGAAATGGGTT LU ILY L‘ YUYy
GAGTGGCTGATTGGAGGCAAATCCAAGGACACTCATTGCTGGTG ¢ ¢ 6 5 AT AR F AR T
TGTGACTCCAGGCAGTTACTCAGCTTTTCCAAGCCTCAGTTTCCC

« A neighboring SNP (A/G), located 61 bp downstream from the main InDel site. This is a
SNP referenced in the dbSNP database as rs17245568. The A allele of this SNP corresponds
to the samples carrying the observed imbalance

We do not have the Qiagen PCR primer sequences It is reasonable to assume that the A/G
SNP 61 bases downstream from the insertion is the cause of the peak imbalance

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf 12
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D99 —rs2308163
Off-ladder allele

Normal Off-ladder Seccpdury ¥ NOW
— —_—— D99 + allele
K J A
== = * s e |
NVYVLY /) I\ f.‘ 'N.‘
p TE6TOEETTTA TTACAMCTACTOATTCATTGE
| oo ; 2 |'1 ? D99 - allele ““
N\ A YW VY
b oo Bos] e’ ATTTACAACTACTOATTGECT

Sequence Fragment
CCTGGGCACAAAGTTCATTTTCTGTACTIATAAGGCGATCTGCTCC
GIGAGAAAGCTGCCGTGTAGAGCTGGAGTTGAGAGTCGTGGGT
TIATCCCATCATTTACA(A/del)CTAC{TGAT] TGCCTTTTAAAATATG
AACACATTTATTAAGAACCACAACAAAACCCATTCCTGATTAAAGG | 5 7
ATATCTTTTTCTTATCACTGGCCCTAGCCAGTGAT TGTTCTTCAACE
AAGAGCTGGGAG

The off-ladder band proven a regular Insertion allele with a neighboring
single-base deletion of an A residue, located 4 bp upstream from the InDel
site. This is a referenced InDel on dbSNP database as rs11346981.

3/21/2013

D84 —rs3081400
Off-ladder allele

D84 - rs3081400

Normal Off-ladder
| [ I mmmmn?: oy
i i A
vy o han i
/ | I

/ ! ! iy :
B Bk Eee Bk M ‘fl
L

IASYVYY A
Sequence Fragment T v T

ATAAGAGAATTAA

TGAGTGAGCACGCAGACAATAATAAG TGAAGAAATAATTACAGCA |

Secondary - InDel
AGTAATTACAAATAATGATCAAAGTAATGCAAGAAAGCAAGATGAC  OL '

ATGTCTGACTTTGTTGCTAGTTTGTCATTTGAATATATAATGGGACA NI s N
AICTTTCIAGGCTTTCTA(TAAT/Del}TAATTCTCCTATAATATATATAG i fi [\ A

| GAGAATTATATATGATACATAATTCAGGGCTCCTATAGTGTAATCAAT A VY A A LAYV
TCTCAATATTATAAAATGAGGATTTCCTGATTCAACTTGCAAAA ATAGGAGAATTATAGAAGCCC

The off-ladder band proven to be a regular Insertion allele with a neighboring 4
bp (ATTA) deletion located 10 bases downstream the main InDel site. This is a
referenced InDel on dbSNP database as rs11573892.

Sequencing of previously unreported variation

Observed frequency of the unreported variation

Population
Frequency | European | African | Hispanic | Asian

D97 inbalance 0,044 | 0,22 0,062 | 0,06

D83 inbalance [ | 008 0,015 | 4]
D99 OL allele 1] 0,0766 | 0,0156 1]
D84 OL allele 4] | 0,0443 4] | 4]

We would suggest a reformulation of the reverse primer for the marker D97, as nearly
as much as a quarter of the lyzed African-A ican samples displayed imbalance

This situation may lead, especially in degraded DNA samples, to the drop-out of the
Insertion allele of this marker

The ‘off ladder’ variants observed in the Qiagen DIPplex InDel set have proven to be
stable and due to a single characterized polymorphic variant

The characterization of such rarer mobility variants, far from being a hindrance, can
further contribute to the informative power of InDel typing

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_George Mason_2013.pdf

13



Dr. Peter M. Vallone 3/21/2013

Summary

InDel genotyping can be applied to forensic DNA typing as complement to
STR typing
— Simpler workflow compared to traditional SNP typing

— Performs well with highly degraded samples

Population frequency data for U.S. population samples have been
calculated and published

A successful protocol for artificial DNA fragmentation mimicking challenging
DNA samples has been developed.
— A comparison between long and short amplicon amplification assays has been carried out

— InDel assays have proven to be more informative for these samples

Unreported variation on Qiagen’s DIPplex Investigator kit have been
characterized
— The characterization of such mobility variants would contribute to raise the informative
power of the test
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Thanks for your attention!

Questions?

peter.vallone@nist.gov
1-301-975-4872
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